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(57) A near-field probe includes a metallic scatterer 
(12,) fabricated an a substrate (11 ) in a contour of a cir- 
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triangle and a film (13) of a metal, a dielectric, or a sem- 
iconductor formed in a periphery of the scatterer with 
film thickness (h2) equal to height (hi) of the scatterer. 
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Description 

BACKGROUND OF THE INVENTION 

[0001] The present invention relates to an optical 
probe to produce or to detect near-field light for use with 
a near-field optical microscope or a near-field optical re- 
cording/reproducing device. 

[0002] An optical microscope employs a lens to col- 
lect or to condense light. In this system, resolution is 
restricted by a wavelength of the light. In contrast with 
this optical microscope, a near-field optical microscope 
uses a near-field optical probe which produces optical 
near-field location in the vicinity of the probe in place of 
the lens. The near-field optical probe is placed in the 
neighborhood of a sample to scan a surface of the sam- 
ple. It is resultantly possible to measure a contour and 
optical characteristics of the sample with resolution de- 
termined by the size or dimension of the aperture. The 
near-field optical microscope has been recently applied 
to various fields such as a field of contour measurement 
and spectroscopic analysis of, for example, a sample of 
an organism, quantum structure of a semiconductor, 
and a macromolecular material as well as a field of high- 
density optical recording. 

[0003] As the near-field optical probe, a pointed opti- 
cal fiber (optical fiber probe) having a fine opening of a 
size less than a wavelength of light has been usually 
employed. To fabricate this fiber probe, a tip end section 
of an optical fiber is extended while being heated. Alter- 
natively, the tip end section is tapered to a point by 
chemical etching. Thereafter, the optical fiber other than 
the tip end section is coated with metal. By introducing 
light to the optical fiber, near-field light can be generated 
in the proximity of an aperture formed in the tip end sec- 
tion. 

[0004] However, this fiber probe is attended with a 
drawback of low light utilization efficiency. When light is 
incident to a fiber with a fiber probe of this kind having, 
for example, a diameter of 1 00 nm, intensity of light emit- 
ted from the tip end of the fiber is about 0.001 % or less 
of that of light incident to the fiber. To overcome this 
problem, various probes have been proposed as fol- 
lows. (1) Multi-step tapered fiber probe: A fiber probe 
having a tip end section which is tapered in two or three 
steps to a point (Applied Physics Letters, Vol. 68, No. 
19, pp. 2612-2614, 1996 and Vol. 73, No. 15, pp. 
2090-2092, 1 998), (2) Metallic needle probe: A probe of 
a needle of STM. By emitting light to a tip end section 
of the needle, strong near-field light is produced in the 
vicinity of the tip end ( J P-A-6- 137847). (3) Fiber probe 
with small metallic particle in aperture: A fiber probe in 
which a very small metallic particle is disposed at a cent- 
er of an aperture in a tip end section (JP-A-11-101809 
proposed by the first inventor of the present invention). 
Light emitted from the aperture excites plasmon in the 
small metallic particle to produce strong near-field in the 
neighborhood of the small metallic particle. (4) Tetrahe- 



dral tip: A triangular prism of glass is coated with metal 
having a thickness of about 50 nm so that surface plas- 
mon is excited on the metal film. The surface plasmon 
proceeds toward a top end or a vertex of the triangular 
5 prism to produce strong near-field light in the proximity 
of the vertex (Physical Review B, Vol. 55, No. 12, pp. 
7977-7984, 1997). (5) Probe on glass substrate with 
metallic scatterer: A probe including a glass substrate 
and a metallic scatterer formed on a bottom surface of 
the glass substrate. This configuration generates strong 
near-field light in the proximity of the metallic scatterer 
(JP-A-1 1-250460). 

[0005] In the near-field optical microscope, it is nec- 
essary to set distance between the aperture to generate 
near-field light and a surface of a sample to a value rang- 
ing from several nanometers to several tens of nanom- 
eters. Consequently, when the probe including an opti- 
cal fiber or a glass piece is used, a particular control 
system is required to control the distance between the 
tip end of the probe and the sample surface. In general, 
the distance is measured using interatomic force be- 
tween the tip end of the probe and the sample surface, 
and the distance is adjusted by servo control using the 
measured value. 

[0006] However, the servo control has a limited servo 
band and hence the probe scanning speed is limited. 
Particularly, in an optical recording/reading device to op- 
erate at a high data transfer speed, the probe must scan 
a surface of a recording disk at a high speed. This meth- 
od cannot appropriately control deviation of an interval 
of a high frequency caused by distortion and inclination 
of the disk. To solve this problem, various probes have 
been proposed as follows. (1) Flat opening probe: A 
probe fabricated by disposing an opening in a silicon 
substrate by anisotropic etching (The Pacific Confer- 
ence on Lasers and Electro-Optics, WL2, "Fabrication 
of Si planar apertured away for high speed near-field 
optical storage and readout". Since a peripheral area of 
the aperture is flat, the distance between the probe and 
the sample can be kept fixed by pushing the probe 
against the sample. (2) Probe with aperture having pad: 
On a bottom surface of a glass substrate, a projection 
in the form of a quadrangular prism having an aperture 
in a tip end thereof is fabricated, and a pad is manufac- 
tured in a periphery of the projection (JP-A-1 1-265520). 
The pad keeps the distance between the probe tip end 
and a sample. (3) Surface emitting laser probe with 
small metallic tip: On a laser emitting end surface of a 
surface emitting laser probe, a small opening and a 
small metallic projection are fabricated (Applied Phys- 
ics, Vol. 68, No. 12, pp. 1380-1383, 1999). Since the 
probe has a flat structure, the distance between the 
probe and a sample can be kept fixed by pressing the 
probe against the sample. The probe has a small me- 
tallic projection and a resonance structure, the probe ex- 
pectedly operates with higher efficiency. 
[0007] The near-field probe requires three points re- 
garding performance as follows. (1 ) High light utilization 
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efficiency, (2) High scanning, and (3) Reduced back- 
ground light in light measured by the probe. 
[0008] To increase the light utilization efficiency, vari- 
ous methods have been proposed as above. The fiber 
probe having a tip end with multiple taper angles has 
light utilization efficiency which is about ten times to 
about one hundred times that of a fiber probe generally 
used. However, this probe is not fully applicable to ap- 
plications requiring high light utilization efficiency, for ex- 
ample, to the optical recording/reading requiring a light 
utilization efficiency of 10% or more. The probe uses an 
optical fiber and is mechanically fragile and cannot scan 
at a high speed. The metallic needle probe, the fiber 
probe with small metallic particle in aperture, the glass 
probe coated with metal, and the probe on glass sub- 
strate with metallic scatterer have increased light utili- 
zation efficiency by using characteristics of metal, and 
hence a high light utilization efficiency can be expected. 
However, each of these probes has a tip end section 
with a mechanically fragile contour and hence is not suit- 
able for the high-speed scanning. Particularly, in oper- 
ation of the metallic needle probe and the probe on glass 
substrate with metallic scatterer, light which does not hit 
the tip end section or the scatterer is also incident to the 
sample. This resultantly leads to a problem of detection 
of much background light. 

[0009] Various probes capable of scanning at a high 
speed have been proposed as above. The flat opening 
probe and the probe with aperture having pad can 
achieve the high-speed scanning. However, these 
probes have low light utilization efficiency. The surface 
emitting laser probe with small metallic tip expectedly 
scans at a high speed with high light utilization efficiency 
and a low amount of background light. To generate 
strong near-field light using the small metallic projection, 
the contour of the small metallic projection must be op- 
timized. However, description has not been given of the 
contour of the small metallic projection at all. Moreover, 
description has not been given of a method of manufac- 
turing the small metallic projection. 

SUMMARY OF THE INVENTION 

[001 0] It is therefore an object of the present invention 
to provide a near-field optical probe and a method of 
manufacturing the same which satisfies three require- 
ments above, that is, high light utilization efficiency, 
high-speed scanning, and little background light in light 
measured by the probe. Another object of the present 
invention is to improve the light utilization efficiency by 
particularly using a metallic scatterer having a size equal 
to or less than the light wavelength and therefore to pro- 
vide an optical contour of the scatterer and a method of 
supplying light to the probe to improve the light utilization 
efficiency. 

[0011] According to the present invention, there is 
provided a near-field optical probe including a substrate, 
a metallic scatterer fabricated on the substrate in a con- 



tour of a circular cone, a triangle, or the like; and a film 
of a metal, a dielectric, or a semiconductor manufac- 
tured in a periphery of the scatterer, the film and the scat- 
terer being substantially equal in height to each other. 

5 The metallic scatterer is used to generate strong near- 
field light, and the film in the periphery thereof is dis- 
posed to prevent destruction of the scatterer when the 
probe is placed in the proximity of a sample to scan the 
sample at a high speed. By using a light shielding ma- 

10 terial for the film and by setting the distance between 
the scatterer and the film to a value equal to or less than 
the light wavelength, the film functions to reduce back- 
ground light. To prevent the destruction of the scatterer, 
there may be manufactured, in place of the fabrication 

is of the film, a dip or recess in a surface of the substrate 
with depth substantially equal to height of the metallic 
scatterer. The metallic scatterer is formed in the dip. To 
further reduce probability of destruction of the scatterer, 
a light transmitting film may be filled in a gap between 

20 the scatterer and the peripheral film and between the 
scatterer and the dip fabricated on the substrate sur- 
face. 

[0012] The metallic scatterer has a contour of a circu- 
lar cone, a polygonal pyramid, an ellipse, or a triangle. 

25 When the scatterer has a triangular contour, each of two 
vertices of the triangle may have a radius of curvature 
larger than that of the other one vertex of the triangle. 
The film of the triangle may be connected to that of the 
periphery. In this case, the hole or opening has, at the 

30 connecting area, a radius of curvature larger than those 
of the vertices of the triangle. In fabrication of the scat- 
terer, a metallic film may be formed on a substrate with 
a tip end in a contour tapered to a point such as a planar 
ellipse or a planar triangle. In the vicinity of the tapered 

35 tip end, another metallic film is manufactured such that 
the distance between the tip end and the metallic film is 
equal to or less than the light wavelength. Particularly, 
it is favorable to fabricate two metallic films each having 
a tip end section with a tapered contour such that the 

40 distance between two tip ends of the metallic films is 
equal to or less than several tens of nanometers. When 
the scatterer is formed with a metallic film having a tip 
end section with a contour of a triangle, an ellipse, or 
the like; the metallic film may be manufactured on a side 

45 surface of the substrate. 

[0013] The planar or flat substrate may be replaced 
with a hemispherical substrate to minimize a spot diam- 
eter at a focal point of incident light. On the substrate, 
there may be arranged a light condensing device such 

50 as a holographic lens. A metallic scatterer may be dis- 
posed on a light emitting edge surface of an optical res- 
onator or a semiconductor laser. When the scatterer in- 
cludes a film in the contour of an ellipse or a triangle, 
the film of the ellipse or the triangle may be fabricated 

55 on a side surface of the substrate or an inclined surface 
of the substrate so that only one intersection between a 
major axis of the ellipse and the ellipse or only one ver- 
tex of the triangle is brought into contact with a surface 
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of a sample. 

[0014] According to the present invention, there is 
provided a method of manufacturing a near-field optical 
probe comprising a film forming step of forming a film of 
a metal, a dielectric, a semiconductor on a substrate, a 
resist coating step of fabricating a resist film on a film, 
an exposure and development step of removing the re- 
sist film of an area in which a scatterer is to be fabricated, 
a film etching step of removing part of a film, a scatterer 
forming step of manufacturing a metallic scatterer in the 
area from which the resist has been removed, and a re- 
sist removal step of removing the resist film. In produc- 
tion of a scatterer in a contour of a circular cone or a 
polygonal pyramid, the area to remove the resist has a 
contour of a circle with a diameter equal to or less than 
a wavelength of light or a contour of a polygonal pyramid 
with an edge having a length equal to or less than a 
wavelength of light. In the scatterer forming process, 
metal is evaporated thereon, and the metal is thick 
enough to completely cover the hole in the circular or 
polygonal shape. In the manufacturing the near-field op- 
tical probe, the film forming step may be removed such 
that a substrate etching step to etch the substrate is 
used in place of the film etching step. 
[0015] To manufacture a near-field optical probe ac- 
cording to the present invention, there may be employed 
a manufacturing method including a film forming step of 
forming a film of a metal, a dielectric, a semiconductor 
on a substrate, a dip forming step of removing part of 
the film by photolithography or the like, a resist coating 
step of fabricating a resist film, an exposure and devel- 
opment step of removing the resist film of an area in 
which a scatterer is fabricated, a scatterer forming step 
of manufacturing a metallic scatterer in the area from 
which the resist has been removed, and a resist removal 
step of removing the resist film. 
[0016] In the manufacturing of the probe above, in 
place of the dip forming step of removing part of the film 
by photolithography or the like, there by be employed a 
dip forming step of directly forming a dip in a surface of 
the substrate by photolithography or the like. 
[0017] Moreover, the near-field optical probe may be 
produced in a manufacturing method including a metal- 
lic film forming step of forming a film of a metal on a 
substrate, a resist coating step of fabricating a resist film 
on the metallic film, an exposure and development step 
of removing the resist film of a peripheral area in which 
a scatterer is fabricated, a metallic film etching step of 
removing the metallic film from the area from which the 
resist has been removed, and a resist removal step of 
removing the resist film. 

[0018] The near-field optical probe may be produced 
in a near-field optical probe manufacturing method in- 
cluding a resist coating step of fabricating a resist film 
on a substrate, an exposure and development step of 
removing the resist film of a peripheral area in which a 
scatterer is to be fabricated, a metal evaporation step 
for fabricating a scatterer, and a resist removal step of 



removing the resist film. 

[001 9] According to the present invention, a near-field 
optical probe in which the scatterer is protected by an 
dielectric substance is produced by a manufacturing 
5 method including a dielectric film forming step of fabri- 
cating a scatterer and a film in a periphery of the scat- 
terer and then manufacturing a dielectric film thereon 
and a dielectric film polishing step of polishing the die- 
lectric film such that a tip end section of the scatterer 
exists in a surface region. 

[0020] To introduce light to the near-field optical probe 
of the present invention, the focal point of incident light 
must be at a position of the scatterer. For this purpose, 
there is employed an automatic focal point adjusting 
method in which part of light incident to the near-field 
optical probe is separated, the separated light is fed to 
a focal point adjusting pattern disposed next to a source 
of the near-field light to measure a contour of light re- 
flected on the adjusting pattern, and the focal position 
is adjusted according to a result of the measurement. 
Particularly, in the focal point adjusting in a direction ver- 
tical to the substrate surface, a beam of light reflected 
from the focal point adjusting pattern is delivered to a 
convex lens and a cylindrical lens to measure distortion 
of a contour of a light beam delivered thereto. In the focal 
point adjusting in a direction parallel to the substrate sur- 
face, there is fabricated a focal point adjusting pattern 
including two small elongated grooves which each have 
width less than a diameter of a pertinent light spot and 
which vertically intersect each other. The incident light 
is divided into three beams of light. A first beam enters 
the source of near-field light and second and third 
beams enter a central area of two grooves. Patterns of 
reflection light from two grooves are measured to detect 
two bright areas respectively of the patterns. Quantity 
of light is compared between the bright areas. 
[0021] When the near-field optical probe of the 
present invention is applied to an optical recording/read- 
ing device in which disks can be changed, it is required 
to prevent dirt and damage on a surface of the disk. In 
the optical recording/reading device according to the 
present invention, a near-field optical probe is incorpo- 
rated in a cartridge which protects the recording disk. 
The cartridge has a rotary shaft at a corner thereof. An 
arm is attached to the rotary shaft. The near-field optical 
probe is installed on the arm using a suspension. Cou- 
pled to the rotary shaft with the arm is an arm on which 
an optical head including a light source and a light sen- 
sor or detector is attached. The optical head moves in 
cooperation with the near-field optical probe. Light from 
the optical head is incident to the near-field optical probe 
via a window disposed in the cartridge. To couple the 
arm linked with the near-field optical probe with the arm 
linked with the optical head, a v-shaped groove and a 
semi-spherical projection are used. When the scatterer 
includes a metallic projection in the form of a circular 
cone or a polygonal pyramid or a metallic film fabricated 
on a side surface of the substrate with a tip end section 
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tapered to a point in the form of a triangle or an ellipse, 
a metallic film is favorably fabricated below a recording 
layer of the recording disk to improve resolution and ef- 
ficiency. 

[0022] The objects and features of the present inven- 
tion will become more apparent from the consideration 
of the following detailed description taken in conjunction 
with the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0023] 

Figs. 1 A and 1B are diagrams showing the general 
configuration of a near-field optical probe according 
to the present invention in which Fig. 1 is a perspec- 
tive view and Fig. 2 is a cross-sectional view of the 
near-field optical probe; 

Figs. 2A to 2E are perspective views showing con- 
tours of a metallic scatterer of the present invention 
in which Fig. 2A shows a circular cone, Fig. 2B 
shows a planar ellipse, Fig. 2C shows a triangle, 
Fig. 2D shows a triangle in which a first vertex has 
a radius of curvature equal to or less than those of 
two remaining verteces, and Fig. 2E shows a trian- 
gle connected to a peripheral film; 
Figs. 3A and 3B are perspective views showing 
contours of a metallic scatterer of the present inven- 
tion in which Fig. 3A shows a contour including a 
metallic film fabricated in the proximity of a vertex 
of a triangle and Fig. 3B shows another triangle 
formed in the vicinity of a vertex of a triangle; 
Figs. 4A to 4D are cross-sectional views generally 
showing a near-field optical probe of the present in- 
vention in which Fig. 4A shows a dip fabricated in 
place of a film in a substrate, Fig. 4B shows a trans- 
parent dielectric material filled in a gap between a 
scatterer and a film, Fig. 4C shows a dip fabricated 
in a substrate in a substrate and a transparent die- 
lectric material formed in a periphery of a scatterer, 
and Fig. 4D shows a dielectric film fabricated with- 
out gap between a scatterer and the dielectric film; 
Figs. 5A and 5B are diagrams to explain distribution 
of intensity of near-field light emitted when light is 
incident to a triangular metallic film in which Fig. 5A 
shows a calculation method and Fig. 5B shows a 
result of calculation (a graph showing a ratio of in- 
tensity of the emitted light to that of the incident 
light); 

Figs. 6A and 6B are diagrams to explain distribution 
of intensity of near-field light emitted when light is 
incident to two opposing triangular metallic films in 
which Fig. 6A shows a calculation method and Fig. 
6B shows a result of calculation (a graph showing 
a ratio of intensity of the emitted light to that of the 
incident light); 

Figs. 7A and 7B are perspective views to explain a 
method of supplying light to a triangle in which Fig. 



7A shows a method of emitting light only to a tip end 
section of the triangle and Fig. 7B shows a method 
of emitting light to the triangle to generate a surface 
plasmon on a surface of the metallic film; 
s Fig. 8A is a perspective view of a probe in which a 
rectangular film is fabricated on a side surface of 
the substrate; 

Fig. 8B is a perspective view of a probe in which a 
rectangular film is fabricated on an inclined side sur- 

10 face of the substrate; 

Figs. 9A to 9D are cross-sectional views showing a 
method of illuminating light to a near-field optical 
probe of the present invention in which Fig. 9A 
shows a method to condense light through a lens 

15 externally arranged, Fig. 9B shows a substrate in a 
semi-spherical contour, Fig. 9C shows a holograph- 
ic lens fabricated on a substrate, and Fig. 9D shows 
light incident to the probe to satisfy a condition of 
total reflection. 

20 Fig. 1 0 is a cross-sectional view showing a metallic 
scatterer fabricated in an edge surface of an optical 
resonator; 

Fig. 11 is a cross-sectional view showing a metallic 
scatterer fabricated in an edge surface of a semi- 

25 conductor laser; 

Figs. 12A to 12F are schematic diagrams showing 
processes of manufacturing a near-field optical 
probe in which Fig. 12A is a film forming process, 
Fig. 12B is a resist coating process, Fig .12C is an 

30 exposure and development process, Fig. 1 2D is a 
film etching process, Fig. 1 2E is a scatterer forming 
process, and Fig. 12F is a resist removal process; 
Fig. 13 is a cross-sectional view schematically 
showing a method of fabricating a scatterer having 

35 a contour of a circular cone or a polygonal pyramid; 
Figs. 14A to 14F are schematic diagrams showing 
processes of manufacturing a near-field optical 
probe in which Fig. 14A is a film forming process, 
Fig. 1 4B is a dip forming process, Fig. 1 4C is a resist 

to coating process, Fig. 14D is an exposure and de- 
velopment process, Fig. 14E is a scatterer forming 
process, and Fig. 14F is a resist removal process; 
Figs. 15A to 15E are schematic diagrams showing 
processes of manufacturing a near-field optical 

45 probe in which Fig. 15A is a metallic film forming 
process, Fig. 15B is a resist coating process, Fig. 
1 5C is an exposure and development process, Fig. 
1 5D is a metallic film etching process, and Fig. 1 5E 
is a resist removal process; 

50 Figs. 1 6A to 1 6D are schematic diagrams showing 
processes of manufacturing a near-field optical 
probe in which Fig. 16A is a resist coating process, 
Fig. 1 6B is an exposure and development process, 
Fig. 16C is a metal coating process, and Fig. 15D 

55 is a resist removal process; 

Figs. 1 7A and 1 7B are schematic diagrams showing 
processes of manufacturing a probe including a 
scatterer coated with a transparent dielectric sub- 
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stance in which Fig. 17A shows a dielectric film 
forming process and Fig. 1 7B shows a dielectric film 
polishing process; 

Fig. 18 is a schematic diagram showing an auto- 
matic focal point adjusting method; 
Figs. 1 9A to 1 9D are diagrams schematically show- 
ing a relationship between a focal point adjusting 
mark and a light beam in the automatic focal point 
adjusting method in which Fig. 1 9A shows a posi- 
tional relationship between a contour of a mark 
formed on a probe and a light beam , Fig. 1 9B shows 
a shape of a detector or sensor and a contour of a 
light beam on the sensor when the focal point is ad- 
justed, Fig. 19C shows a contour of the light beam 
on the sensor when the light beam position is hori- 
zontally shifted with respect to the substrate surface 
of the probe, and Fig. 19D shows a contour of the 
light beam on the sensor when the light beam posi- 
tion is vertically shifted with respect to the substrate 
surface of the probe; 

Figs. 20A and 20B are perspective views showing 
a system configuration when a near-field optical 
probe of the present invention is applied to an opti- 
cal recording/reading device in which Fig. 20A 
shows an overall configuration of the system and 
Fig. 20B shows an optical system thereof; 
Figs. 21 A to 21 C are diagrams showing a configu- 
ration of an optical disk cartridge integrated in a 
near-field optical probe in which Fig. 21 A shows an 
overall configuration in a perspective view, Fig. 21 B 
shows a cross-sectional view of the configuration, 
and Fig. 21 C shows a v-shaped groove and a sem- 
ispherical projection to couple an arm in the car- 
tridge with an arm outside the cartridge; and 
Figs. 22A and 22B are cross-sectional views for ex- 
plaining a near-field optical recording/reading meth- 
od using an optical disk with a metallic film in which 
Fig. 22A is a cross-section for explaining operation 
when a probe includes a metallic scatterer in the 
contour of a circular cone and Fig. 22B is a cross- 
section for explaining operation when a probe in- 
cludes a triangular film on a side surface of the sub- 
strate. 

DESCRIPTION OF THE EMBODIMENTS 

[0024] Description will now be given of specific em- 
bodiments in accordance with the present invention. 
[0025] Figs. 1 A and 1B show constitution of a near- 
field optical probe of the present invention including a 
light transmitting substrate 11, a metallic scatterer 12 
having a contour shown in Figs. 2A to 2E or Figs. 3A 
and 3B, and a film 13 fabricated in a periphery of the 
scatterer 1 2 using a metal, a dielectric, a semiconductor, 
or the like. The substrate 11 is made of, for example, 
quartz. The scatterer 12 is made of, for example, gold 
or silver. The film 1 3 is made of, for example, gold, silver, 
titanium, or silicon. 



[0026] The scatterer 12 functions to generate strong 
near-field light. Light 14 collected by a lens or the like is 
incident to the substrate 11 as shown in Fig. 1 B and hits 
the scatterer 12. The light 14 is scattered by the scat- 
5 terer 12 to generate near-field light having high spatial 
frequency components in the proximity of the scatterer 

12. When efficiency of scattering of the scatterer 12 is 
higher, intensity of the near-field light becomes stronger. 
Therefore, strong near-field light is generated in the vi- 
cinity of a scatterer made of a metal having high scat- 
tering efficiency. 

[0027] The film 1 3 prevents, when the scatterer 1 2 is 
placed at a position near a sample 15, the scatterer 12 
from colliding against a surface of the sample 1 5. Name- 
ly, destruction of the scatterer 12 is prevented. The 
height h2 of the film 13 must be therefore substantially 
equal to the height hi of the scatterer 12. To prevent 
destruction of the scatterer 1 2, it may also be possible, 
without fabricating the film 13, to dig the substrate down 
to a depth of h3 substantially equal to the height hi of 
the scatterer 1 2 as shown in Fig. 4 A to form a dip 21 in 
which a scatterer is to be formed. As can be seen from 
Figs. 4B and 4C, a gap between the film 1 3 and the scat- 
terer 12 or the dip 21 in which the scatterer 12 is fabri- 
cated may be filled with a dielectric material 22. This 
further reduces probability of the destruction of the scat- 
terer 12. 

[0028] The film 13 is desirably made of a light inter- 
rupting or shielding substance (which reflects or ab- 
sorbs light) such as a metal or a semiconductor, and a 
gap S1 between the film 13 and the scatterer 12 is de- 
sirably equal to or less than several tens of nanometers. 
For example, the film 13 is made of gold, titanium, or 
silicon with the gap S1 set to about 50 nm. By using the 
light shielding film, when measuring a contour and op- 
tical characteristics of a sample and when reproducing 
a record mark in an optical recording/reading device, it 
is also possible to increase contrast in a reproduced im- 
age and/or a reproduced signal. That is, a beam of light 
to hit the scatterer 12 has a beam diameter, which how- 
ever cannot be reduced to a value similar to a size of 
the scatterer because of a diffraction limit. Therefore, 
part of the light is not scattered and is incident as back- 
ground light to the sample 15. This resultantly increases 
a ratio of lower-degree space frequency components to 
the light incident to the sample 15 and hence the con- 
trast of the image and the reproduced signal is de- 
creased. By fabricating a light shielding film 1 3 such that 
a distance si between the film 13 and the scatterer 12 
is equal to or less than the wavelength of light, the light 
which has not hit the scatterer 12 is reflected or ab- 
sorbed by the film 13. Quantity of background light inci- 
dent to the sample 15 can be therefore minimized. 
[0029] When the film 13 is made of a metal, a gap is 
required between the scatterer 12 and the metallic film 

1 3. However, when the film 1 3 is made of a material oth- 
er than a metal, for example, is made of a dielectric sub- 
stance, the film 13 may be manufactured to be contigu- 
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ous to the scatterer 1 2 as shown in Fig. 4D. 
[0030] The scatterer 1 2 is fabricated in a circular cone 
or a polygonal pyramid as shown in Fig. 2A. When light 
is incident to the scatterer 12, strong near-field light is 
produced in the vicinity of a vertex 61 of the scatterer 
12. The vertex 61 has a radius of curvature of, for ex- 
ample, 20 nm; a height h6 of, for example, 1 00 nm; and 
a width (diameter) dl of a base or bottom plane of, for 
example, 100 nm. The radius of curvature of the vertex 
61 need only be 50 nm or less. However, this value is 
favorably reduced to obtain higher resolution. Each of 
the height and the width of the base plane need only be 
several hundred nanometers. However, the radius of 
curvature, the height, and the width of the base plane of 
the vertex are desirably adjusted to have a ratio there- 
between for a resonance condition of a plasmon, which 
will be described later. 

[0031] The contour of the scatterer may be a planar 
ellipse (including a circle) as shown in Fig. 2B. The el- 
liptic contour has a major axis having a length of, for 
example, 150 nm; a minor axis having a length of, for 
example, 50 nm; and a thickness of, for example, 40 
nm. It is only necessary that each of the major axis and 
the minor axis is several hundred nanometers or less 
and the thickness is 1 00 nm or less. However, these val- 
ues are desirably adjusted to have a ratio therebetween 
for a resonance condition of a plasmon, which will be 
described later. When light enters the elliptic film of the 
scatterer, strong near-field light is produced in the vicin- 
ity of intersections 62 between the major axis and the 
ellipse (to be referred to as vertices 62 in this specifica- 
tion). To generate particularly strong near-field light, the 
major axis of the ellipse is desirably set to be parallel 
with a direction of polarization of light. 
[0032] The scatterer may be fabricated in a triangular 
form 70 with a film as shown in Fig. 2C. The triangle has 
a vertex 64 having a radius of curvature of, for example, 
15 nm and a thickness of, for example, 30 nm. It is only 
necessary that the radius of curvature is 100 nm or less 
and the thickness is 100 nm or less. The vertex 64 de- 
sirably has an inner or code angle satisfying the plas- 
mon resonance condition, which will be described later. 
When light is emitted to the vertex 64 with a direction of 
polarization of light aligned to the vertex 64, electrons 
are concentrated in the neighborhood of the vertex 64 
sharply pointed and hence strong near-field light is gen- 
erated therein. Figs. 5A and 5B show calculation results 
of distribution of near-field light generated in the prox- 
imity of the triangular metallic film when light is incident 
to the triangular metallic film. The calculation is achieved 
in an FDTD method (Journal of Optical Society of Amer- 
ica A, Vol. 12, No. 9, pp. 1974-1983, 1995). In this cal- 
culation, an analysis area 403 is 0.3 micrometer (nm), 
0.2 u.m, and 2.6um respectively in the x, y, and z direc- 
tions. The triangular film is made of gold and has a thick- 
ness of 30 nm. The vertex 64 has a radius of curvature 
of 25 nm and a cone angle qO of 20°. An incident wave 
402 is a plane wave having a wavelength of 650 nm. A 



wave source 401 is set to a place one wavelength apart 
from the film (L2 = 650 nm). The incident wave has a 
direction of polarization aligned to the x axis. The anal- 
ysis area has boundary conditions such as a periodic 
5 boundary condition in a plane vertical to the x and y axes 
and an absorption boundary condition in a plane vertical 
to the z axis. The metallic film is one wavelength apart 
from the boundary (L3 = one wavelength) and the wave 
source is also one wavelength apart from the boundary. 
10 The number of meshes are represented as 60, 50, and 
60 in the x, y, and z directions and the meshes are un- 
even meshes, namely, the mesh is smaller in the vicinity 
of the vertex of the triangular film. That is, the mesh pitch 
or interval is 2.5 nm in the vicinity of the vertex of the 
triangular film. The time pitch is 1 x 10" 18 second and 
the iteration of calculation is 15000. The calculation re- 
sults of Fig. 5B show a ratio of a density of intensity of 
near-field light (l nea r) t0 a density of intensity of the inci- 
dent wave. As can be seen from this graph, a field of 
strong light is produced in the vicinity of the vertex 64 
and the field has a maximum intensity value which is 
about 750 times that of the incident light. The half-value 
width is 15 nm and 45 nm in the x and y directions, re- 
spectively. The film may be made of other metal. When 
the film is made of, for example, silver, there is attained 
almost the same distribution of intensity of light and a 
maximum intensity value is about 590 times that of the 
incident light. The distribution of the near-field light in 
the proximity of the vertex of the metallic film having an 
elliptic contour can be considered to be almost the same 
as the results above because of similarity of the contour. 
[0033] When the length L1 of the triangle is equal to 
or less than the wavelength of light, for example, 200 
nm, strong near-field light is generated also in the vicin- 
ity of the other vertices 65. It is therefore desirable that 
the length L1 is longer than the wavelength of light, for 
example, one micrometer so that light hits only the point- 
ed vertex 64 as shown in Fig. 7A. Alternatively, to reduce 
intensity of the near-field light in two vertices other than 
the pointed vertex 64, it may also be possible to increase 
the curvature of the vertices 68 as shown in Fig. 2D. In 
this situation the length L1 of the triangle may be equal 
to or less than the wavelength of light. When the vertex 
64 has a radius of curvature of 1 0 nm, the radius of cur- 
vature of each vertex 68 is 50 nm or more and the length 
L1 is about 300 nm. This minimizes the degree of con- 
centration of electrons onto the vertex 68 and hence 
lowers the intensity of near-field light generated in the 
vicinity of the vertex 68. Additionally, as can be seen 
from Fig. 2E, the triangular scatterer 70 may be connect- 
ed to a film 13 in a periphery of the scatterer 70. In this 
case, the curvature of at junction area 71 is favorably 
greater than the radius of curvature of the vertex 64. Al- 
so in this situation, the length L1 of the triangle may be 
equal to or less than the wavelength of light. When the 
radius of curvature of the vertex 64 is 10 nm, the radius 
of curvature of the junction 71 is 50 nm or more and the 
length L1 is about 300 nm. 
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[0034] As shown in Fig. 3A, a scatterer may include 
a metallic film 83 fabricated in the vicinity of a vertex of 
a pointed metallic film 81 in the form of a planar ellipse 
or triangle. To fabricate this scatterer, a 30 nm thick tri- 
angular film is formed with a vertex having a radius of 
curvature of 1 5 nm. Thereafter, a 30 nm thick rectangu- 
lar film is manufactured apart 5 nm from the vertex of 
the triangle (gap S2 = 5 nm). It is only required that the 
radius of curvature of the triangle is 1 00 nm or less and 
the thickness of the triangular film is 1 00 nm or less. The 
vertex desirably has a cone angle satisfying a plasmon 
resonance condition, which will be described later. The 
rectangular film and the triangular film have an equal 
thickness. The gap S2 may be several tens of nanom- 
eters or less. To obtain high resolution, the gap S2 is 
desirably minimized. The incident light has a direction 
of polarization directing to the vertex 82 as indicated by 
an arrow 63 to illuminate an area between the vertex 82 
and the film 83. Dipole occurs in the vertex 82 and on 
the metallic film 83. By interaction between each dipole, 
strong near-field light is generated between the vertex 

82 and the metallic film 83. 

[0035] As can be seen from Fig. 3B, the metallic film 

83 is particularly desirably fabricated as a film 84 having, 
like the metallic film 81 , a pointed tip end section in the 
form of a planar ellipse or a triangle. The vertex 82 is 
disposed near the vertex 83. For example, two triangles 
are fabricated using a film having a film thickness of 30 
nm and the pertinent vertex of each triangle has a radius 
of curvature of 15 nm. These triangles are apart from 
each other by a gap S1 of 5 nm. In each triangle, it is 
only required that the radius of curvature of the pertinent 
vertex is 1 00 nm or less, the thickness is 1 00 nm or less, 
and the gap between the vertices S3 is several tens of 
nanometers. To obtain high resolution, the gap S3 is de- 
sired to be reduced. The incident light has a direction of 
polarization directing to the vertex 82 as indicated by an 
arrow 63. In this configuration, dipole occurs strongly in 
two metallic films. As a result of interaction of each di- 
pole, strong near-field light is generated between two 
vertices. Figs. 6A and 6B show calculation results of dis- 
tribution of near-field light generated when light is inci- 
dent to two mutually opposing triangles. The calculation 
is executed in the FDTD method. In the calculation, as 
shown in Fig. 6A, an analysis area 403 has a size rep- 
resented as 0.3 jxm, 0.2 urn, and 2.6 urn respectively in 
the x, y, and z directions. The triangular film is made of 
gold and has a film thickness of 30 nm. The pertinent 
vertex has a radius of curvature of 25 nm and a cone 
angle qO of 20°. An incident wave 402 is a planar wave 
having a wavelength of 780 nm. A wave source 401 is 
one wavelength apart from the film (L2 = 780 nm). The 
incident wave has a direction of polarization aligned to 
the x axis direction. The analysis area has boundary 
conditions such as a periodic boundary condition in a 
plane vertical to the x and y axes and an absorption 
boundary condition in a plane vertical to the z axis. The 
metallic film is one wavelength apart from the boundary 



(L3 = one wavelength) and the wave source is also one 
wavelength apart from the boundary. The number of 
meshes are represented as 60, 50, and 60 in the x, y, 
and z directions. The meshes are uneven meshes in 
5 which the mesh is smaller in the vicinity of the pertinent 
vertex of the triangular film. Specifically, the mesh pitch 
or interval is 2.5 nm in the vicinity of the vertex of the 
triangular film. The time pitch is 1 x 10" 18 second and 
the iteration of calculation is 15000. Fig. 6B shows, in a 
graph, distribution of a ratio of a density of intensity of 
near-field light (l near ) to a density of intensity of the inci- 
dent wave. As can be seen from this graph, a field of 
strong light is produced in the gap between the vertices 
82 and 85, and the field has a maximum intensity value 
which is about 5700 times that of the incident light. The 
half-value width is 15 nm and 45 nm in the x and y di- 
rections, respectively. The film may be made of other 
metal. When the film is made of, for example, silver, 
there is attained almost the same distribution of intensity 
of light and a maximum intensity value is about 5500 
times that of the incident light. 
[0036] When the scatterer is fabricated using a me- 
tallic film in the form of a circular cone, a polygonal pyr- 
amid, an ellipse, or a triangle in the order of nanometers, 
the intensity of near-field light generated in the vicinity 
of the scatterer may be increased by producing a local- 
ized plasmon in the scatterer. The localized plasmon is 
a state of resonance of electrons appearing in an elliptic 
body having a size equal to or less than the wavelength 
of light or in a metallic projection (such as the vertex of 
a circular cone or the vertex of the elliptic or triangular 
film) sharply pointed to have a radius of curvature equal 
to or less than the wavelength of light. When the local- 
ized plasmon takes place, a field of quite strong light is 
generated in the vicinity of the metal. The localized plas- 
mon is excited by light having a particular wavelength 
and its resonance wavelength is determined by a type 
of the metal, a contour of the metal, and a direction of 
polarization of the exciting light. It is therefore desirable 
that these parameters are selected such that the reso- 
nance wavelength is similar to that of a source of the 
exciting light. For example, when the contour of the scat- 
terer can be approximated to a sphere and the metal is 
gold, the resonance wavelength is 520 nm. The density 
of intensity of near-field light in the vicinity of the scat- 
terer is 30 times that of intensity of incident light. When 
the metal is silver, the resonance wavelength is 350 nm, 
the density of intensity of near-field light in the vicinity 
of the scatterer is 480 times that of intensity of incident 
light. In a case in which the contour of the scatterer can 
be approximated to a spheroid in which a ratio between 
a major axis to a minor axis is three to one and the metal 
is gold, the resonance wavelength is 650 nm and the 
density of intensity of near-field light in the vicinity of the 
scatterer is 6500 times that of intensity of incident light. 
When the metal is silver, the resonance wavelength is 
500 nm, the density of intensity of near-field light in the 
vicinity of the scatterer is 10 5 times that of intensity of 
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incident light. It has been assumed that the direction of 
polarization of the exciting light is parallel to the major 
axis to the elliptic metal. For the metallic film having a 
contour of a sphere, the contour has point symmetry and 
hence the direction of polarization can be arbitrarily se- 
lected. The calculation results indicate that quite strong 
near-field light is produced in the proximity of the elliptic, 
metallic film. The vertex having a contour of a circular 
cone or a triangle can be approximately considered to 
have a contour of an ellipse having a large ratio between 
the major axis and the minor axis. Therefore, by opti- 
mizing the contour and the material, the increase in the 
electric field of the elliptic scatterer can be expected. 
[0037] When the scatterer is fabricated with a metallic 
film in a triangular contour, light may be illuminated to 
excite a surface plasmon wave on the metallic film. For 
this purpose, as can be seen from Fig. 7B, the direction 
of polarization of the light is aligned to be parallel to a 
plane of incidence of the light (p polarization). To make 
a wave number k3 of the surface plasmon wave match 
of a component in a direction of plane k2 of wave 
number vector k1 of the incident light, an angle of inci- 
dence q1 is adjusted. For example, when the metal is 
gold and the film thickness is 40 nm, q1 is set to 44.5°. 
The length L1 of the triangle is, for example, several mi- 
crometers, namely, equal to or more than the wave- 
length of light. The light spot is at a position on the me- 
tallic film. The direction of a plane of incidence of light 
is aligned such that the surface plasmon wave proceeds 
toward the vertex 64. In this configuration, the surface 
plasmon wave generated on the metallic film is collected 
onto the sharply pointed vertex 64, and strong near-field 
light is generated in the proximity of the vertex 64. 
[0038] When the scatterer is fabricated with a metallic 
film in a sharply pointed contour of a planar ellipse or a 
triangle, the metallic film 91 may be fabricated on a side 
surface 94 of the substrate as shown in Fig. 8A. A vertex 
92 to generate strong near-field light is brought into con- 
tact with a bottom plane 93 of the substrate. The side 
surface 94 of the substrate may be inclined as shown in 
Fig. 8B. In this situation, light 14 can be supplied in a 
direction vertical to the bottom plane 93. To protect the 
metallic film 91 , a surface of the metallic film 91 may be 
coated with a transparent dielectric substance. 
[0039] The collated or focused light 14 is fed to the 
scatterer 12, for example, as shown in Figs. 9A to 9D. 
In the example, of Fig. 9A, light is condensed by an ob- 
jective lens 31 disposed near the substrate and is inci- 
dent to the scatterer 12. In the example of Fig. 9B, the 
substrate 32 has a semi-spherical contour. The light col- 
lated by the objective lens 31 is incident to the substrate 
32. This improves a numerical aperture of the lens 31 
so that a beam diameter of the light is smaller at the 
focal point when compared with that of Fig. 9A. In the 
example of Fig. 9C, a light collecting or condensing 
mechanism 33 such as a holographic lens is fabricated 
on the substrate. A collimated light incident to the sub- 
strate is focused onto the scatterer 12. In the example 



of Fig. 9D, the substrate is formed in a spherical prism 
or a right angle prism such that the collated light totally 
reflects on a substrate surface of the scatterer 1 2. This 
minimizes quantity of background light incident to a 
5 sample. 

[0040] The scatterer 1 2 may be manufactured on an 
edge surface of an optical resonator. For example, as 
shown in Fig. 1 0, a light reflecting film such as a metallic 
film is fabricated on a substrate 1 1 and then a light trans- 
it mitting film such as a dielectric film is formed thereon 
with a thickness of t4 to satisfy t4 x n4 = N x A/2, where 
n4 is a refractive index of the dielectric, X is a wavelength 
of light in the air, and N is an integer equal to or more 
than one. A scatterer 1 2 and a reflecting film 1 3 are fab- 
is ricated thereon to form a resonator structure. By this 
structure, it is possible to increase intensity of the elec- 
tric field of light incident to the scatterer 12. This there- 
fore increases intensity of near-field light generated in 
the vicinity of the scatterer 12. 
20 [0041] As shown in Fig. 11, the scatterer 12 may be 
formed on a laser emitting surface of an active layer 52 
of a laser 51 . The semiconductor laser may be a laser 
of surface emission type. Like the scatterer formed on 
the edge surface of the resonator, this scatterer can in- 
25 crease intensity of near-field light. Moreover, the lens 
can be dispensed with. 

[0042] The near-field optical probe is manufactured 
as follows. 

[0043] On a substrate 101, a film 102 of a metal, a 

30 dielectric substance, or a semiconductor is manufac- 
tured by a vacuum evaporator and a sputtering unit as 
shown in Fig. 1 2A. The film has a thickness substantially 
equal to height of the scatterer (film forming process). 
[0044] A positive electron -beam resist 1 03 is coated 

35 on the film (Fig. 12B). A region 104 to form a scatterer 
is exposed to light by an electron-beam exposing device 
(Fig. 12C). The exposed region 104 is removed in de- 
veloping liquid (exposure process). 
[0045] Next, the film 1 02 of the exposed region 1 04 is 

^o removed (Fig. 12D). The film is removed using etchant 
or etching solution or liquid. When the metallic film is 
made of gold, nitrohydrochloric acid is utilized to etch 
the film. When the etching time is elongated, the etching 
solution enters a space below the resist film 103 and 

45 hence a region larger than the exposed region 104 is 
removed. The space has a length of s3. This length is 
substantially equivalent to the gap si between the scat- 
terer and the film of Fig. 1 B. The film may be removed 
by a plasma etching device. However, since the etching 

50 solution does not enter the space above in this case, the 
length s3 is equal to zero. Consequently, there is pro- 
duced a probe in which the scatterer is brought into con- 
tact with the film (Fig. 4D). 

[0046] As can be seen from Fig. 12E, a metal is ac- 
55 cumulated by a vacuum evaporator. In the region 104 
from which the resist has been removed, the metal is 
accumulated to form a scatterer 105 (scatterer forming 
process). 
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[0047] Finally, the resist and the metallic film 1 06 are 
removed in a resist remover solution. The probe thus 
completely produced includes a scatterer 1 05 and a film 
102 as shown in Fig. 12F. 

[0048] When the scatterer is manufactured in a shape 
of a circular cone (Fig. 2A), the resist is exposed to light 
in a corresponding circular contour in the exposure step 
above (the circular contour has a radius equal to or less 
than a wavelength of light). In the scatterer forming proc- 
ess in which a metallic film 106 is accumulated on the 
resist film 103, as the thickness of the metallic film 106 
increases, the metal is also accumulated on a surface 
the opening 104 and hence the opening is gradually 
minimized in size. That is, by accumulating the metallic 
film until the opening is completely filled with the metal, 
the scatterer is resultantly manufactured in the form of 
a circular cone (Fig. 13). 

[0049] When a metallic scatterer is fabricated in a dip 
of the substrate as shown in Figs. 4A and 4C, the first 
film forming process is skipped and the resist is directly 
coated on the substrate. In place of the film etching proc- 
ess, a substrate etching process is additionally conduct- 
ed to etch the substrate. When the substrate is made of 
a nonconductive substance such as quartz, to prevent 
in the electron-beam exposure the disadvantage that 
the substrate is charged and a target pattern is extend- 
ed, a conductive, transparent film of, for example, ITO 
is manufactured on the substrate, the film having a thick- 
ness of several tens of nanometers or less, by sputtering 
or vacuum evaporation before the resist coating proc- 
ess. 

[0050] Alternatively, The near-field probe may be pro- 
duced as follows. 

[0051] As can be seen from Fig. 14A, a film 1 02 of a 
metal, a dielectric, or a semiconductor is formed on a 
substrate 101 by a vacuum evaporator or a sputtering 
device. The film has thickness equal to height of a target 
scatterer. 

[0052] As shown in Fig. 1 4B, a film 1 23 is removed by 
photolithography or electron-beam lithography, from a 
region in which the scatterer is fabricated. 
[0053] A positive, electron-beam resist is coated (Fig. 
14C) and a region 125 to form the scatterer is exposed 
to light by an electron-beam exposure device (Fig. 1 4D). 
The resist is then removed from the exposed region 1 25 
in developing liquid. 

[0054] As shown in Fig. 1 4D, a metal is accumulated 
on the resist film 1 24 by a vacuum evaporator. The scat- 
terer 105 is resultantly fabricated in the space 125 from 
which the resist has been removed. 
[0055] The resist film 124 and the metallic film 127 
thereon are finally removed in resist removing solution. 
[0056] When the metallic scatterer is formed in a dip 
of the substrate as shown in Figs. 4A and 4C, the first 
film forming process is removed and a process is addi- 
tionally used to directly form a dip on a surface of the 
substrate by photolithography or the like. 
[0057] Moreover, the near-field probe may be pro- 



duced as follows. 

[0058] A film 102 of a metal, a dielectric, or a semi- 
conductor is formed on a substrate 101 by a vacuum 
evaporator or a sputtering unit (Fig. 15A). The film has 

5 thickness equal to height of an objective scatterer. 
[0059] A positive, electron-beam resist is coated on 
the film 102 (Fig. 15B). As can be seen from Fig. 15C, 
a region 1 34, corresponding to the region 1 6 between 
the scatterer 12 and the film 13 of Figs. 1 A and 1B, is 

10 exposed by an electron-beam exposure device. The re- 
sist is then removed from the exposed region 134 in de- 
veloping liquid. 

[0060] The film 102 in the region 134 from which the 
resist has been removed is removed in etching solution 
15 or by plasma etching as shown in Fig. 1 5D. 

[0061] Finally, the resist film 133 is removed (Fig. 
15E). 

[0062] Alternatively, the near-field probe may be pro- 
duced using a negative resist as follows. 
[0063] A positive resist 141 is coated on a substrate 
101 (Fig. 16A). When the substrate is made of a non- 
conductive substance such as quartz, to prevent in the 
electron-beam exposure a disadvantage that the sub- 
strate is charged and a target pattern is extended, a con- 
ductive, transparent film of, for example, ITO (the film 
thickness is, for example, several tens of nanometers) 
is manufactured on the substrate before the resist coat- 
ing process. 

[0064] The resist other than that of a region 142, 
which corresponds to the region 16 between the scat- 
terer 12 and the film 13 in Figs. 1 A and 1 B, is removed 
by electron-beam exposure (Fig. 16B). 
[0065] A metallic film is accumulated by a vacuum 
evaporator (Fig. 16C). This forms a scatterer 1 05 and a 
film 144 in a periphery of the scatterer 105. 
[0066] Finally, the resist film 1 42 and the metallic film 
thereon are then removed in resist removing liquid (Fig. 
16D). 

[0067] The near-field optical probe including a scat- 
terer 12 protected by a dielectric film 22 (Figs. 4B and 
4C) is fabricated as follows. 

[0068] A dielectric film 151 is manufactured on the 
scatterer 12 and the peripheral film 13 by a vacuum 
evaporator or a sputtering device (Fig. 17A). 
[0069] The region other than the scatterer 1 2 and the 
peripheral film 13 are polished and is removed by an 
abrasive. The abrasive is, for example, diamond slurry, 
alumina slurry, or silica slurry. 
[0070] When the near-field probe is located near a 
sample to be scanned, the position of the probe varies 
according to unevenness of a surface of the sample. 
Particularly, when the probe is used in an optical record- 
ing/reading device, the position of the probe is consid- 
erably changed by inclination and/or distortion of a disk. 
Resultantly, the position of incident light on the probe is 
shifted and quantity of light hitting the metallic scatterer 
changes. To prevent this difficulty, there is required an 
automatic adjuster to set the position of incident light to 
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the metallic scatterer in any situation. This adjustment 
is accomplished as follows. 

[0071 ] A collimated light beam 1 600 is separated into 
two beams of light including a first beam and a second 
beam, by a grating or a Wollaston prism 1604 (Fig. 18). 
At a place near the scatterer of the probe, a focusing 
mark is disposed. The first beam hits the scatterer 1609 
and the second beam hits the focus adjusting mark. By 
measuring a shape of light beam reflected from the 
mark, the focal point is adjusted. 
[0072] The adjusting device is specifically configured 
as follows. At a position near a scatterer 1 702, two small 
and elongated grooves 1701 and 1703 are fabricated 
(Fig. 19A). Each groove has width smaller than the light 
spot diameter and depth equal to A/8n (X is a wavelength 
of light and n is the refractive index of the substrate). 
These grooves are orthogonal to each other. The light 
beam is separated into three beams, i.e., a first beam, 
a second beam, and a third beam, by a grating or a Wol- 
laston prism 1 604. The first beam 1 705 hits the scatterer 
1702 and the second and third beams hit central sec- 
tions respectively of the grooves 1701 and 1703. Re- 
flection beams of the beams 1 704 to 1 706 are separated 
from the incident light by a beam splitter 1603 to be fed 
via an convex lens 1605 and a cylindrical lens 1606 to 
a sensor 1 607. The sensor 1 607 includes three light re- 
ceiving surfaces. A light receiving surface 1 707 on the 
outer-left side includes four subordinate surfaces, and 
a light receiving surface 1703 on the outer-right side in- 
cludes two subordinate surfaces (Fig. 19B). 
[0073] A direction parallel to the substrate surface is 
aligned as follows. On the light receiving surfaces, the 
light beam has contours 1 71 0 to 1 71 2. The central beam 
1711 is light reflected from the scatterer and the beams 
1 71 0 and 1 71 2 respectively on both sides of the central 
beam 1711 are lights reflected from the grooves 1701 
and 1703. The light reflected from the grooves has a 
pattern including two bright areas (Fig. 19B) by interfer- 
ence between diffracted light from the grooves. When 
the focal point is appropriately adjusted, these areas are 
equal in brightness to each other. When the focal point 
is shifted from the appropriate position, the areas are 
different in brightness from each other (Fig. 19C). 
Therefore, by setting two areas to equal brightness, the 
focal point can be adjusted (signals from the sensor sat- 
isfy (A + B) - (B + D) = 0 and E - F = 0). 
[0074] In a direction vertical to the substrate surface, 
the positioning is achieved as follows. By using, for ex- 
ample, an aspherical aberration system, an optical ele- 
ment to cause aspherical aberration such as a cylindri- 
cal lens is inserted in the optical sensor system. While 
the focal point is in an appropriately focused state, the 
positioning is conducted such that a minimum circle of 
confusion is formed on the sensor. When the focal point 
is thus adjusted, the reflection light has a circular con- 
tour as shown in Fig. 1 9B. However, when the focal point 
is shifted from the appropriate position, the reflection 
light becomes non-collimated light. Therefore, the light 



passed through the convex lens 1 605 and the cylindrical 
lens 1606 has an elliptic shape as shown in Fig. 19D. 
Consequently, by setting the beam shape to a circle, the 
focal point can be appropriately adjusted (signals from 
5 the sensor satisfy (A + D) - (B + D) = 0). 

[0075] Fig. 20A shows an application example of the 
near-filed optical probe to an optical reading/reproduc- 
ing device. The optical probe is installed in an optical 
head 1802 including an optical source, a sensor, and 
the like. The optical head 1802 is located to a position 
near a disk 1801 . The optical head 1802 is moved in a 
radial direction of the disk 1801 by a carriage actuator 
1 803. The optical head 1 802 includes an optical system 
constructed as shown in Fig. 20B. The optical system 
includes a semiconductor laser 1809 as a light source. 
Light from the laser 1 809 is passed through a collimating 
lens 1810 and a beam shaping prism 1811 into a circu- 
lar, collimated beam. The beam passes through a grat- 
ing 1812, a polarizing beam splitter 1813, a quarter 
wavelength plate 1814, a mirror 1801 and an objective 
lens 1 807, which collectively serve as a focus adjusting 
unit, and enters the optical probe 1804. The position of 
the objective lens 1 807 is adjusted by an actuator 1 808. 
An actuator 1806 is used to precisely adjust the position 
of the optical probe 1 804 for tracking operation. The op- 
tical probe 1804 is attached to a suspension 1805 and 
is pushed against the disk 1 801 by force of the suspen- 
sion. Light reflected from the optical probe 1 804 is sep- 
arated from the incident light by the polarizing beam 
splitter 1 81 3 and passes a condenser 1 81 5 and a posi- 
tioning cylindrical lens 1816 to be incident to a sensor 
1817. 

[0076] In the optical recording device, since the re- 
cording layer is exposed in the recording disk surface, 
when the disk 1801 is removed from the optical head 
1802 to be carried about, there exists a fear of dirt and 
damage on the disk and data recorded thereon cannot 
be reproduced in some cases. To prevent this difficulty, 
it is favorable that the disk 1 801 and the near-field opti- 
cal probe 1 804 are housed in a cartridge 1 900 to isolate 
the disk surface and the optical probe 1 804 from the out- 
side air as shown in Figs. 21 A to 21 C. For example, a 
rotating shaft is disposed on a corner of the cartridge 
1 900, an arm 1 904 is attached to the rotating shaft, and 
the suspension 1805 and the optical head 1801 are at- 
tached to the arm 1 904 as shown in Fig. 21 B. The track- 
ing is carried out by moving the arm 1 904 while rotating 
the rotating shaft 1 905. The main section of optical head 
1903 including the light source and the sensor is placed 
outside the cartridge 1900. Light 1902 from the main 
section of optical head 1903 is fed via a window 1901 
to the optical probe 1 804. The light 1 902 is collimated. 
The light incident to the optical probe 1 804 is condensed 
by a condensing mechanism constructed on the probe 
as shown in Fig. 9C. The main section of head 1903 is 
mounted on an arm 1907 driven by a rotating actuator 
1908. The arm 1907 is coupled with the rotating shaft 
1905 connected to the optical probe 1804. Resultantly, 
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the main section of head 1903 and the optica! probe 
1804 operate in a cooperative fashion. To connect, with 
high precision, the rotating shaft 1905 coupled with the 
optical probe 1 804 to the arm 1 907 attached to the main 2. 
section of head 1903, a v-shaped groove 1909 and a s 
projection 1910 are employed as shown in Fig. 21 C. 
Specifically, a v-shaped groove 1909 is disposed in an 
upper section of the rotating shaft 1 905 and semi-spher- 
ical projections 1 91 0 are arranged in a lower section of 
the arm 1 907 of the main section of head 1 903. By push- 10 
ing the semi-spherical projections 1910 against the v- 
shaped groove 1909, the arm 1907 of the main section 
of head 1 903 can be linked with the rotating shaft 1 905. 
[0077] When the probe includes a metallic scatterer 3. 
in the contour of a circular cone (Fig. 2A) or when the '5 
probe includes a metallic film with a pointed tip end in 
the contour of a triangle or a planar ellipse on a side 
surface of the substrate (Figs. 8A and 8B), a metallic 
layer is favorably disposed below the recording layer of 
the disk (Figs. 22A and 22B). For example, a metallic 20 
layer 2001 of gold or silver is manufactured on a disk 
substrate 2003 and a recording layer 2000 having a 
thickness of about 5 nm is fabricated thereon using a 4. 
phase-changing material. In this configuration, dipole in 
the metallic scatterer 1 2 interacts with dipole in the me- 25 
tallic film 2001 to resultantly increase intensity of near- 
field light between the tip end of the metallic scatterer 
12 and the metallic film 2001. This also improves effi- 
ciency of the optical probe. 

[0078] In the near-field optical probe according to the 30 
present invention, the near-field light is generated by a 
metallic scatterer in the contour of a circular cone, a po- 
lygonal pyramid, a planar ellipse, or a triangle. There- 5. 
fore, it is possible to generate quite strong near-field 
light. The optical probe includes in a peripheral area of 35 
the scatterer a film of a metal, a dielectric, or a semicon- 
ductor with film thickness equal to height of the scatterer. 
Consequently, the probe can conduct the scanning at a 
high speed without destroying the scatterer. When the 
film is made of a light shielding substance and the dis- *o 6. 
tance between the scatterer and the film is equal to or 
less than a wavelength of light, the background light can 
be reduced. 

[0079] While the present invention has been de- 
scribed in detail and pictorially in the accompanying 45 
drawings, it is not limited to such details since many 
changes and modifications recognizable to those of or- 
dinary skill in the art may be made to the invention with- 
out departing from the spirit and scope thereof. 

50 7. 



onal pyramid having an axis vertical to a sur- 
face of the substrate (Fig. 2A). 

A near-field optical probe, comprising: 

a substrate (11); and 

a metallic scatterer fabricated on said substrate 
in a contour of a planar ellipse having a major 
axis (62), a minor axis, and thickness, the major 
axis, the minor axis, and the thickness being 
equal to or less than a wavelength of light (Fig. 
2B). 

A near-field optical probe, comprising: 
a substrate (11); and 

a metallic scatterer fabricated on said substrate 
in a contour of a triangle having a vertex (64) 
with a radius of curvature and thickness, the ra- 
dius of curvature and the thickness being equal 
to or less than a wavelength of light (Fig. 2C). 

A near-field optical probe, comprising: 

a substrate (11); and 

a metallic scatterer fabricated on said substrate 
in a contour of a triangle having a first vertex 
(64), second vertex (68), and a third vertex (68), 
the first vertex having a radius of curvature less 
than a radius of curvature of each of the second 
and third vertices (Fig. 2D). 

A near-field optical probe according to claim 3, 
wherein the triangle is connected to a film (13) in a 
periphery of the triangle an the plane to dispose an 
opening in the connecting section, the opening hav- 
ing a radius of curvature greater than a radius of 
curvature of the vertex of the triangle (Fig. 2E). 

A near-field optical probe, comprising: 

a substrate (11); 

a first metallic film (81 ) having a pointed tip end 
(82); and 

a second metallic film (83) in an arbitrary con- 
tour, wherein the tip end is apart several tens 
of nanometers from the second metallic film 
(Fig. 3A). 

A near-field optical probe, comprising: 



Claims 

1. A near-field optical probe, comprising: 
a substrate (11); and 

a metallic scatterer (1 2) fabricated on said sub- 
strate in a contour of a circular cone or a polyg- 



a substrate (11) ; 

a first metallic film (81 ) having a pointed tip end 
(82); and 

55 a second metallic film (84) having a pointed tip 

end (85), wherein the tip ends are apart several 
tens of nanometers from each other (Fig. 3B). 
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8. A near-field optical probe according to one of claims 
1 to 7, further including in a periphery of said scat- 
terer a metallic film (13), a dielectric film (13), or a 
semiconductor film (13) having film thickness (h2) 
substantially equal to height (hi) of said scatterer. 

9. A near-field optical probe according to claim 8, 
wherein: 

said film is a light shielding film; and 

said scatterer is apart from said peripheral film 

by a gap equal to or less than a wavelength of 

light. 

10. A near-field optical probe according to one of claims 
1 to 7, further including a dip (21) in the substrate 
surface with depth (h3) substantially equal to height 
(hi ) of said scatterer, wherein said metallic scatter- 
er is formed in said dip (Fig. 4A). 

1 1 . A near-field optical probe according to one of claims 
8 to 10, wherein a gap between said scatterer and 
said peripheral film or between said scatterer and 
said dip is filled with a light transmitting material (22) 
(Fig. 4C). 

12. A near-field optical probe according to one of claims 
1 to 11, wherein said substrate is a contour of a 
semi-sphere (32, 34) (Fig. 9B). 

1 3. A near-field optical probe according to one of claims 
1 to 11 , further including a light condensing element 
(31, 33) on said substrate (11, 32, 34) (Fig. 9A). 

14. A near-field optical probe according to claim 13, 
wherein said light condensing element is a holo- 
graphic lens (33) (Fig. 9C). 

1 5. A near-field optical probe according to one of claims 
1 to 11, wherein said metallic scatterer (12) is 
formed on an edge surface of an optical resonator 
(Fig. 10). 

16. A near-field optical probe according to one of claims 
1 to 11, wherein said metallic scatterer (12) is 
formed an a light emitting edge surface of a semi- 
conductor laser (52) (Fig. 11). 

17. A near-field optical probe, comprising: 

a substrate (11); and 

a metallic film having a pointed tip end in a con- 
tour of a planar ellipse or a triangle on a side 
surface (94) or an inclined side surface (95) of 
the substrate, 

said pointed tip end being brought into contact 
with a surface of a sample (Figs. 8A and 8B). 



18. A near-field optical probe according to claim 17, 
wherein said metallic film on the side surface of the 
substrate is coated with a transparent dielectric 
substance. 

5 

19. A near-field optical microscope including a near- 
field optical probe according to one of claims 1 to 18. 

20. An optical recording/reading device including a 
10 near-field optical probe according to one of claims 

1 to 18 (Figs. 20Aand 20B). 

21. A near-field optical microscope and an optical re- 
cording/reading device employing an automatic ad- 

15 justing method, wherein the automatic adjusting 
method includes the steps of: 

separating part of light incident to a near-field 
optical probe; 

20 feeding the part of light to a focal point adjusting 

pattern fabricated at a position near a source 
of near-field light; 

measuring a contour of light reflected from the 
pattern; and 

25 adjusting a focal point of the incident light (Figs. 

18 and 19Ato 19D). 

22. A near-field optical microscope and an optical re- 
cording/reading device according to claim 21 em- 

30 ploying an automatic adjusting method, wherein the 
automatic adjusting method includes the steps of: 

feeding the light reflected from the pattern to a 
convex lens and a cylindrical lens; 
35 measuring distortion of a beam shape; and 

positioning a direction vertical to a surface of a 
substrate (Figs. 18 and 19A to 19D). 

23. A near-field optical microscope and an optical re- 
^0 cording/reading device according to claim 21 em- 
ploying an automatic adjusting method, wherein the 
automatic adjusting method includes the steps of: 

forming, as the pattern, two small and elongat- 
es ed grooves vertically intersecting each other, 
each said groove having width less than a di- 
ameter of an optical spot; 
separating incident light into three beams; 
feeding one of the beams to a source of near- 
50 field light; 

feeding the remaining beams to central sec- 
tions respectively of said two grooves; 
comparing quantity of light between two bright 
areas respectively of patterns of light reflected 
55 from said two grooves; 

adjusting a focal point according to a result of 
the comparison (Fig. 19A). 
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24. An optical recording/reading device using a record- 
ing disk including a near-field optical probe in a car- 
tridge (Figs. 20A and 20B). 

25. An optica! recording/reading device according to 5 
claim 24 using a recording disk in a structure, said 
structure including: 

a cartridge (1900) having a rotating shaft at a 
corner thereof; w 
an arm (1904) attached to said rotating shaft; 
a near-field optical probe attached by a suspen- 
sion to said arm (Figs. 21 A and 21 B). 

26. An optical recording/reading device according to *5 
claim 24, wherein 

a rotating shaft to which said arm is attached is 
connected to an arm (1 905) to which an optical 
head including a light source and an optical 20 
sensor is attached; 

the optical head and the near-field optical probe 
thereby operate in a cooperative way; 
light from the optical is fed via a window dis- 
posed in the cartridge to the near-field optical 25 
probe (Figs. 21 A and 21 B). 

27. An optical recording/reading device according to 
claim 25 or 26, wherein a v-shaped groove and a 
semi-spherical projection are employed to connect 30 
the arm attached to the near-field optical probe to 

the arm attached to the optical head (Fig. 21 B). 

28. An optical recording/reading device using a record- 
ing disk including a metallic layer below a recording 35 
layer (Fig. 22 A and 22B). 
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